1. Introduction
===============

Traditional manual anastomosis and surgical staples are commonly used for digestive tract anastomosis, which might be associated with the postoperative complications, including anastomosis leakage, intestinal fistula and stricture, and so on.^\[[@R1]--[@R3]\]^ It was reported that traditional 2 layer anastomosis may be associated with higher risks of anastomosis leakage due to lack of blood supply and an increase of necrotic tissue within the anastomosis.^\[[@R1],[@R4]\]^ Anastomosis stricture might result from the hyperplasia of granulation tissue and scar formation when irregular and tightly wrapped mucosa suture were performed. In certain cases, with preoperative obstruction of the digestive tract, mucosal edema, thickened muscle layer, the later stitch slacken might allow wound edges to separate, which should be associated with late anastomosis leakage. Another limitation of the traditional method exists the compress soft tissue included in the stitch.^\[[@R5],[@R6]\]^ Furthermore, partial incisions and tearing should result in leakage and bleeding of the anastomosis. In certain types of surgery, due to special anatomic location and poor exposure of the back wall of the anastomosis, the surgery is more difficult, with increasing the risk of complication accordingly.^\[[@R7]\]^

Although single-layer suture has been confirmed to be tight and safe, similar to double-layer suturing in gastrointestinal anastomosis, and superior to conventional suturing,^\[[@R8]\]^ for the pediatric patients, due to the small diameter and thin intestinal wall, the implementation of single-layer suture is not so feasible in some pediatric conditions.

Therefore, the identification of a novel manual method with simple and convenient characteristics for reconstruction of pediatric patients is beneficial. In our institute, the whole wall horizontal mattress suture method was piloted used in some patients by some surgeon on duty. By our experiences, the advantage of this approach is its simplicity, and is particularly suited for vessel anastomosis in ischemia or edema tissues. However, the efficacy of this modified continuous suture in different anastomotic locations, like ileal anastomosis, remains unknown. Therefore, we retrospectively compared the selected patients with the whole wall horizontal mattress suture anastomosis and traditional manual anastomosis method and investigated the efficacy of the novel manual method in gastrointestinal anastomosis for pediatric patients. We consider this novel method may simplify the procedures in complex surgery, and reduce the anastomosis complications.

2. Methods
==========

2.1. Patients
-------------

This study is a retrospective review of the medical records of a series of patients that underwent intestinal anastomosis on emergency or elective surgery from June 2012 to June 2017 in the Department of General Surgery, Children\'s Hospital of Chongqing Medical University upon approval by the severance Institutional Review Board, which also granted a waiver of consent because both methods were in common use in our institution and had similar results. We had a local database containing information on all intestinal anastomosis procedures performed in the department. Preoperative data, including demographic data, the clinical and pathological details of all the cases, and pre-existing comorbidities were carefully recorded. All patients requiring primary bowel resection and intestinal anastomosis were considered eligible for entry into the study upon meeting the following inclusion criteria: above the age of 6 months; normal renal and hepatic function; no severe sepsis; no steroid or immunosuppressive medication administration. Exclusion criteria included patients underwent anastomosis involving the stomach, duodenum, or the rectum. Additionally, to minimize severity differences in the study population, patients managed in the intensive care unit (ICU) for more than 3 days were excluded. Treatment-related data included type of operation, operating time, intraoperative blood loss, transfusion rate, and necessity for re-operation were also reviewed.

2.2. Procedures
---------------

Bowel preparation and antibiotic prophylaxis were conducted following the standardized criteria. The new manual suture was performed by 2 groups from 2010, using a slowly absorbable monofilament 5-0 (Ethicon Inc, Norderstedt, Germany) suture material under general anesthesia. The affected bowel segment was first removed and sheared as per the standard technique. The end-to-end or end to side construction was performed began at the mesenteric border. The posterior wall was constructed using continued horizontal mattress anastomosis and connell suture for the anterior wall, with all the layers incorporating (Fig. [1](#F1){ref-type="fig"}). Retention sutures were not used. The edge distance and needle pitch were approximately 2 to 3 mm of each bite. To avoid the anastomosis ischemia, appropriate pressure should be subjected to the suture while render the anastomosis water tight. The edges of the mesentery were conventionally closed. All procedures were performed by senior residents or attending surgeons from the Chongqing Medical University affiliated Children\'s Hospital. The new suture training was subjected to ensure that all surgeons could correctly perform during emergency surgery. Every surgeon was instructed in documenting the anastomosis time in the patient files. The traditional double-layer interrupted suture was constructed using the same 5-0 silk suture for the inner transmural layer. The outer seromuscular were taken in an interrupted Lembert manner. Operating surgeons and anastomotic category (enteroenteric, colocolic, ileocolic, colorectal, ileorectal, ileoanal, or coloanal) were recorded. The start of the first stitch and ended with cutting the excess material from the last stitch was recorded as the anastomosis time. To evaluate the patency of the anastomosed segment, palpation for the anastomosis using the thumb and the index finger should be conducted. The whole surgical time was measured from the first skin incision to the last suture placement for all the techniques.

![(A) The posterior wall was constructed using the 1-layer continuous horizontal mattress anastomosis from the mesenteric border. The stitches include all layers. (B) The anterior wall was constructed using connell suture with all the layers incorporating. The suture is tied at the antimesenteric border with the end of thread from the posterior wall.](medi-98-e15577-g001){#F1}

2.3. Postoperative management and follow up
-------------------------------------------

All the patients were subjected to the same postoperative programme, including fluid resuscitation, parenteral nutrition support, perioperative broad-spectrum antibiotics if necessary. Patients were followed daily throughout their hospitalization. The complications and readmissions were recorded by the surgical team. The primary outcome was the occurrence of anastomotic failure, including clinical leakage and stricture during follow-up. Anastomotic leakage was defined as clinical symptoms of leakage, like peritoneal signs, systemic sepsis, fecal and/or charcoal material draining. Anastomotic stricture was defined as anastomotic narrowing those who developed symptoms of outlet obstruction. The postoperative day (POD) for the leak was noted along with the primary method of diagnosis (clinical or radiologic). The surgical and postoperative outcomes were defined as secondary outcomes, including ventilator rates, ICU-stay rates, short-term postoperative complications (eg, burst abdomen, fascia dehiscence), the number of reoperations, and total lengths of hospital stay (the number of days from the day of operation until the date of discharge). Because it is potentially related to the anastomosis, the complication of early ileus, intra-abdominal or pelvic abscesses without fistula were also included in the analysis. Early ileus was defined as more than 1 episode of nausea or vomiting.

2.4. Propensity scores matching and statistical analysis
--------------------------------------------------------

The propensity scores analyses were done using SPSS 20.0 (IBM, Armonk, NY) or R software 3.1.2 (The R Foundation for Statistical Computing) and the MatchIt package to minimize the effect of potential confounders on selection bias in baseline characteristics. A 1:1 propensity score matching analysis was accomplished using a multivariable logistic regression model with demographic and clinical variables with potential biases related to the PGE1 treatment. The selected variables entered into the propensity model included demographic data information, laboratory values, treatment protocols, lesion location, type of surgery, as well as ICU admissions. Matching without replacement was performed based on the estimated propensity score of each patient with no replacement, and a 0.1 caliper width. We also evaluated the interaction among all pretest covariates. The generalized additive model was used to check linear assumption in propensity scores (PS) model. Our propensity score model discriminated well between PGE1 treatment patients and controls, thus matching 278 PGE1 treatment patients to 278 controls. The characteristics of both the horizontal mattress suture method patients and controls were compared before and after propensity scores matching. The demographic and surgical outcomes data were analyzed using SPSS software, version 11.5 (IBM). The Mann--Whitney *U* test and Chi-square or Fisher exact test were used to analyze continual and categorical variables, respectively. To elucidate the risk factors for postoperative complications, cross-tabulation (odds ratio \[OR\]) or multivariate analysis (risk ratio) was performed using the logistic regression model. The statistical significance was evaluated using a 2-tailed 95% confidence interval (CI), and statistical significance was established if *P* \< .05.

3. Results
==========

3.1. Patient characteristics
----------------------------

During the study period of the analysis, a total of 858 pediatric anastomosis were assessed for eligibility, including 369 (63.0%) received the whole wall mattress-suture and 489 (37.0%) preceding the implementation of the new technique. The baseline features of the pediatric patients according to the whole wall mattress-suture or traditional anastomosis are summarized in Table [1](#T1){ref-type="table"}. There were no significant differences with regard to age, sex, ICU admissions, and operative magnitude between the 2 groups. The operative magnitude was evaluated by measurement of operative time, estimated blood loss, and total units of blood transfused within the 24-hour perioperative period. The amount of blood loss and transfused blood were equally distributed between the 2 groups. In addition, there were no significant differences in location of the anastomosis between the 2 groups. There were significant differences in causes of operation between the 2 groups, suggesting that, in this observational study, there were systematic differences in baseline characteristics between the patients with the whole wall mattress-suture and traditional double-layer interrupted suture. Under PS-matching, the continuous and categorical variables were very similar and comparable between the 2 anastomosis groups. Most surgical procedures were emergency exploratory laparotomy, including small bowel resection, colon resection, and right hemicolectomy with the following anastomosis.

###### 

Baseline demographics of eligible patient and preoperative variables.

![](medi-98-e15577-g002)

The time required for construction of the anastomosis was recorded for 20 cases of the 2 groups respectively. The mean time required for the horizontal mattress suture was significantly lesser (11.4 ± 2.1 minutes) than for traditional 2 layer anastomosis (18.5 ± 2.4 minutes) (*P* \< .001) (Table [2](#T2){ref-type="table"}). The average surgical time in the horizontal mattress suture anastomosis group was 93.0 ± 17.1 minutes and in the 2-layer anastomosis group was 95.4 ± 18.2 minutes (*P* = .067). Following the surgery, there were no significant differences between the 2 groups in terms of the regular diet tolerated (0.092), C-reactive protein at POD 5 (*P* = .24), and albumin (*P* = .11), which should reflect the postoperative inflammation and nutritional status. No differences in hospital stay (*P* = .12), was noted between the 2 groups (Table [2](#T2){ref-type="table"}).

###### 

Surgical outcomes in the matched population.

![](medi-98-e15577-g003)

According to established criteria, the type and frequency of postoperative complications were summarized in detail in Table [3](#T3){ref-type="table"}. Almost one-fifth of patients had postoperative complications, the incidence of all of the postoperative anastomotic complications did not differ significantly between the 2 groups (*P* = .16). There were no statistically significant differences between the 2 groups for surgical wound infection (*P* = .34), severe bleeding (*P* = .36), anastomotic strictures (*P* = .26), and sepsis (*P* = .40) which should be subjected to surgical intervention. Reintervention rates were 7.0% and 10.9% (*P* = .044), due to leakage, hemoperitoneum, and pelvic abscess, which should be associated with the anastomosis complications. No patient with postoperative bleeding or stenosis required another operation. Readmission rates also did not differ significantly between groups (*P* = .20).

###### 

Postoperative complications in the matched population.

![](medi-98-e15577-g004)

Although the generally leak rate was quite similar, a reduction trend for postoperative anastomotic leakage in patients receiving the continued horizontal mattress anastomosis was indicated when stratificated for ileocolonic anastomosis, with a OD of 0.25 (95% CI \[0.05--1.17\]; *P* = .053), representing a trend toward a 75% relative risk reduction for the complications. Overall, leaks were diagnosed at a mean of 5.7 days postoperatively (range, 3--9 days). Furthermore, a reduction in peritonitis or abscess (OD, 0.56 \[95% CI\] \[0.32--0.98\]; *P* = .026) was noted in patients receiving the new anastomosis method, of which some could be managed by percutaneous drainage.

4. Discussion
=============

In the present study, we used the continuous single-layer anastomosis in the posterior wall of the digestive tract in 359 cases involving ileal anastomosis and assessed the technically possible to perform in terms of anastomotic leak, time required to construct the anastomosis, and length of hospital stay. For ileal colon anastomosis, the anastomotic leak incidence was lower compared to that observed with traditional 2-layer anastomotic techniques. The study showed that this new anastomosis method is technically possible to perform, and the novel anastomosis appears to be more superior than traditional sutures.

The ultimate test of the suitability of a technique for intestinal anastomosis is its ability to heal without leakage. The leakage complication has catastrophic consequences for the patient\'s health as well as the cost of care, so play an important role for the intestinal anastomosis.^\[[@R9]--[@R11]\]^ A large number of patients ultimately found to have an anastomotic leak develop a more insidious presentation, often with low-grade fever, prolonged ileus, or failure to thrive.^\[[@R9],[@R12]\]^ A postoperative abscess was also caused by a small anastomotic leak.^\[[@R9]\]^ Our results demonstrated that the total complications, in the new manual technique group was 19.8% and the anastomotic complication rate, including postoperative abscess, leakage, and strictures was 11.7%, which was lower than that recorded in the traditional technique group and previous studies, providing evidence for the advantage of the current technology. Undoubtedly, among various types of anastomosis, the continuous suture is the tightest. The single-layer anastomosis is as strong as double-layer suturing and ensures mechanical integrity.^\[[@R13],[@R14]\]^ Also, tissue viability is emphasized regarding the surgical technique of gastrointestinal anastomosis. Blood flow is always reduced in the suture line compared with the normal mucosa.^\[[@R15],[@R16]\]^ Of all the anastomosis studied, the blood flow of the suture line decreased from the single-layer manual to the 2-layer manual to the stapled suture.^\[[@R17],[@R18]\]^ But for pediatric patients, the single-layer anastomosis is really difficult to perform for the so thin of the intestinal wall and some challenging surgical positions. In our institute, a double-layer anastomosis was generally performed in a continuous fashion. Upon the technique improvement, the current horizontal mattress running stitches technique with a single monofilament suture is a safe technique in view of the low incidence of abscess, leakage, and stricture. Additionally, it is easily learn for performance and generalizable to the general surgical population, like specialists of vascular, general, gastrointestinal, and gynecological surgical specialties. The development of strictures is closely associated with the diameter of the anastomosis and the thickness of the wall. By contrast, in the single-layered technique this is prominently avoided, as only 1 layer of sutures is incorporated, which may reduce the incidence of anastomotic strictures. Our result supported this speculation.

In the double-layered anastomotic, even the single anastomotic, the submucosal vascular plexus might be strangulated for the continues anastomotic, furthermore, it is certainly possible to create an ischemic continuous anastomosis by applying too much tension in vertical suture.^\[[@R19]\]^ This is avoided in the current technique, as the horizontal suture is just taken sparing mucosa close together without strangulation and hence causing lower damage to the submucosal vascular plexus. In contrast, this can easily occur to the tissue enclosed by an interrupted suture.^\[[@R20]\]^ In addition, the current suture might be more favorable in favor of the adjustment excess extension to equilibrate with surrounding areas of less tension by minute movements of tissue. Another factor is related to the slick properties of a continuous monofilament plastic suture line, which may be able to expand and contract depending on intraluminal forces. This may explain the lack of anastomotic stenoses and leak in the current cases.

In the present study, the mean time documented in constructing the whole wall horizontal mattress suture anastomosis was 11.4 minutes, whereas that for double-layered anastomosis was 18.4 minutes. Continuous suture contributes to reduced surgical time, but to ensure a safe anastomosis, a sufficient amount of tissue cutting must be handled with caution and we carefully pruned the edges of intestinal with a healthy blood supply to keep tissue viability, which has been found to closely correlate with anastomosis complications. All this may ultimately prolong surgery time. Nevertheless, the whole time saved in experienced hands by creating the single-layer anastomosis was about 7 minutes, including bowel preparation, although there was no significant difference in whole surgical time between the new manual and traditional suture technique. Others also experienced the same significant difference between the single continuous and 2 layer anastomosis.^\[[@R9],[@R11],[@R21]\]^

Considering the fact that most of the patients were on emergency basis, with some degree of hemodynamical instability, it can be more preferably to reduce the time of anesthesia, some risk factors of surgical concern may require both rapidity and security of the anastomosis. Multiple anastomosis is more prominent in pediatric surgery.^\[[@R22]\]^ Due to limited physiologic reserve and compensatory responses, prolonged operative time may cause serious problems in a neonate suffering from necrotizing enterocolitis or multiple bowel atresia. It is also indicated that gastrointestinal function recovery faster with the new single-layer method, then the traditional suture, although further studies would be required to confirm this point. In experimental setting, a decreasing number of inflammation and fibroblast cells were identified in the suture line in the novel manual suture group compared with the conventional manual suture groups, which might cause disturbed anastomotic healing contributing to leakage and stricture formation, which may explain the gastrointestinal function recovery and rarity of anastomotic complication.^\[[@R23]--[@R25]\]^

There are several weaknesses to this study. This was a single center, retrospective study with inherent risk of selection bias, therefore should be cautious for generalization. The study takes place over a long time period so the 2 study groups might be different in the patient composition, because there have likely been many practice changes within both the surgery and the ICU divisions, leading to different care practices between study patients. In practice, although there is no executable guideline, we are inclined to perform the current technology in some patient prone to intestinal edema, which might be associated with long procedure time, more fluid loss and tend to transfer into ICU care. To limit the influence of residual confounding variables on the actual effects of this modified anastomotic method, we performed propensity score matching analysis to generate comparison groups with similar baseline factors. Following the PS matching, this discrepancy is eliminated and comparable, as indicated by the standardized mean differences and *P-*value. The other weakness of the study is its relatively small sample size. It is therefore difficult to detect a significant difference in leakage rates based on our data. A power analysis including large sample size with a multi-institutional trial would be necessary in the future. Therefore, our results need to be carefully interpreted. However, our results and those in the literature are consistent and reassuring.

In conclusion, this new single-layer continuous anastomosis in the posterior wall of the digestive tract is a novel, feasible and safe method that may simplify the surgical procedure in anastomoses, while reducing the anastomosis complications and postoperative hospital stay. For these reasons, we believe the modified single layer continuous anastomosis is superior to the 2-layer interrupted technique and can be safely introduced into a surgical training program.
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